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ABSTRACT 

We present a photometric and spectroscopic study of the polar ring galaxy A0136- 
0801 in order to constrain its formation history. Near-Infrared (NIR) and optical imag¬ 
ing data are used to extract surface brightness and color profiles of the host galaxy 
and the wide polar structure in A0136-0801. The host galaxy dominates the light 
emission in all bands; the polar structure is more luminous in the optical bands and 
is three times more extended than the main spheroid. The average stellar population 
in the spheroid is redder than in the polar structure and we use their (B-K) vs. (J-K) 
colors to constraint the ages of these populations using stellar population synthesis 
models. The inferred ages are 3-5 Gyrs for the spheroid and 1-3 Gyrs for the polar 
structure. We then use long slit spectra along the major axis of the polar structure to 
derive the emission line ratios and constrain the oxygen abundance, metallicity and 
star formation rate in this component. We find 12 -|- log{0/H) = 8.33 ± 0.43 and 
Z ~ 0.32^0, using emission line ratios. These values are used, together with the ratio 
of the baryonic masses of the host galaxy and polar structure, to constraint the possi¬ 
ble models for the formation scenario. We conclude that the tidal accretion of gas from 
a gas rich donor or the disruption of a gas-rich satellite are formation mechanisms that 
may lead to systems with physical parameters in agreement with those measured for 
A0136-0801. 

Key words: Galaxies: photometry - Galaxies: abundances - Galaxies: formation - 
Galaxies: individual: A0136-0801 - Galaxies: peculiar - Methods: data analysis. 


1 INTRODUCTION 

In the latest decade, several studies focused on the mor¬ 
phology and kinematics of polar structures in galaxies, i.e. 
Polar Ring/Disk Galaxies (PRGs). These are multi-spin sys¬ 
tems, where stars and gas in the polar structure rotate in 
a perpendicular plane with respect to the stars in the cen¬ 
tral galaxy. The two decoupled components with orthogonal 
angular momenta are explained as the consequence of a ’’sec¬ 
ond event” in their formation history (see Iodice|2014 for a 
review). Thus, PRGs are among the ideal galaxies to study 
the physics of accretion/interaction mechanisms, the disk 


formation and the dark halo shape. Whitmore et al. (19901 


compiled the first PRGs catalogue (PRC), with emphasis on 
the early-type nature of the host galaxy (HG), because of its 
morphology, and on appearance of the polar structure and 
its relative extension with respect to the mean radius of the 
HG. Later studies on the prototype of PRGs, NGC 4650A, 
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showed that the polar structure is a disk, rather than a 
ring ( see|Arnaboldi et al.|1997| lodice et al.|2002[ Gallagher 


et al.|[^02| Swaters & Rubin [2003 1. Both in the PRC and 

in the new SDSS-based Polar Ring Catalog (SPRC) made 
by Moiseev et al. ( |2011| ), there are other PRGs that show a 
wide disk-like morphology similar to NGC 4650A. They are 
UGC 7576 (PRC A-04), UGC 9796 (PRC A-06), SPRC-27, 
SPRC-59, and SPRC-69 in the SPRC, and the galaxy stud¬ 
ied in this work A0136-0801 (A-01). Thus, the ‘PRG’ mor¬ 
phological type currently includes both narrow polar rings 


and wide polar rings/disks. As reviewed by lodice 120141, 
narrow/wide PRGs are characterised by different physical 
properties in addition to the radial extension of the polar 
structure. In particular, in both narrow and wide PRGs the 
HG has similar (spheroidal) morphology, colours, and age, 
but a different kinematics, independent from the morpho¬ 
logical type (narrow or wide PRGs). Contrary to the HGs, 
the polar structures in narrow and wide PRGs have different 
morphology, baryonic mass, and kinematics, but, on average, 
similar oxygen abundance (see Fig. 4 in Iodice|[2bl4 1. 
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Nbody and hydrodynamical simulations try to repro¬ 
duce the different systems on the basis of different formation 
processes. The up-to-date formation scenarios proposed for 
PRGs are; i) major dissipative merger; ii) tidal accretion of 
material (gas and/or stars) by a donor; in) cold accretion of 
pristine gas along a filament. In the merging scenario, the 
remnant is a PRG if two disk galaxies merge on a “polar” or¬ 
bit and have unequal masses ( Bournaud et al.|2005 |. In the 
tidal accretion scenario, a polar ring/disk can form around a 
pre-existing galaxy by the accretion of gas and stars from the 
outskirts of a disk galaxy during a parabolic encounter, or, 
alternatively, by the disruption of a dwarf companion galaxy 


( Reshetnikov k. Sotnikova|1997[ Bournaud fc Gombes|200^ 

Hancock et al. |2009| ). Both the two kinds of galaxy interac¬ 

tions described above (major merging and tidal accretion) 
are able to account for several morphologies and kinematics 
observed for PRGs, including wide and narrow rings, as well 
as helical rings and double rings. In the framework of disk 
formation, a polar disk galaxy, i.e. a galaxy having a polar 
disk-like structure, forms through the accretion of pristine 
gas along a filament ( Maccib et al.|2006 Brook et al.|2008 1. 

The discriminant physical parameters of the forma¬ 
tion mechanisms for PRGs are the baryonic mass, the 
HG kinematics, and the metallicity in the polar structure. 
These were derived in several works for a sample of PRGs 
(NGC 4650A, UGC 7576, UGC 9796; AM2020-504 and 
VGSSlb). The viability of the cold accretion scenario to 


form wide polar disk is supported for the first time (Spavone 
et al.|[20T0|. Moreover, it has been confirmed that the tidal 


accretion mechanism is able to form both narrow and wide 
polar rings (Spavone et al.|[2011 Freitas-Lemes et al.||2012 


Spavone fc Iodice|2013 1. 

In this work we present a similar analysis on the wide 
PRG A0136-0801, by using both new NIR photometry and 
spectroscopy, to constrain the formation history of this 
galaxy. 


A0136-0801 was discovered by Schweizer et al. (19831 


and classified as one of the best case of kinematically con¬ 
firmed polar ring galaxy (PRC A-01) by [Whitmore et alT] 
(19901. It is characterized by a wide polar structure (see 
Figj^, which is three times more extended than the optical 
radius of the central HG. The H-band images ( jlodice et al.j 
20021 showed that the polar structure is less luminous than 


the central galaxy, and the bulk of the light is concentrated 
at smaller radii. This object was mapped in HI by [Cox fcj 
Sparke (20041, who showed that all HI emission is found 


within the polar ring, whose outer HI contours appear to 
warp away from the pol es. The total HI mass fo r this object 
is about 1.6 x 10 ®Mq, van Driel et al. (20001 also argued 


that the regular HI distribution and optical appearance, sug¬ 
gest that the polar structure is quite old and possibly dy¬ 
namically stable. Moreover, Sackett fc Pogg^ (19951 found 
different HII regions along the polar ring. 

In the field around A0136-0801 (Fig.[^ there is a larger 
galaxy, PGC 6186, which is about 18 arcmin distant from 
A0136-0801, and their redshifts differ by 31 km/s (jGallettaj 
et al.|1997| ). 

A0136-0801 has a heliocentric systemic velocity of F = 
5500 km s“^, which implies a distance of about 73 Mpc, 
based on Hq — 75 km s“^ Mpc“^, which yields an image 
scale of 0.3 kpc per arcsec, adopted in this work. The main 
properties of A0136-0801 are listed in Table 


The paper is structured as follow: in Sec. we present 
the observations and data reduction; in Sec. and Sec. we 
describe the morphology and structure of the HG and polar 
structure in A0136-0801, based on the photometry; in Sec.[^ 
we give the oxygen abundances and metallicity of the HII 
regions in the polar structure. Results and conclusions are 
discussed in Sec. 0 


2 OBSERVATION AND DATA REDUCTION 

Near-Infrared data for A0136-0801 - A0136-0801 was in a 
sample of PRGs observed in the J and K bands, with the SofI 
infrared camera at the ESO-NTT telescope, on December 
2002. The camera has a field of view is 4.92 x 4.92 arcmin® 
and a pixel scale of 0.292 arcsec/pixel. A detailed description 
of the observing strategy and data reduction is published by 


Spavone & lodice (20131. In summary, images were acquired 


by adopting an ON-OFF mode where the OFF sky frames 
were used to estimate the background level. The total ex¬ 
posure time on the target in the J and K bands are 360 sec 
and 1080 sec, respectively. The average seeing on the final 
image is FWHM ~ 1.1 arcsec. 

The main steps of the data reduction included dark sub¬ 
traction, flatfielding correction, sky subtraction and rejec¬ 
tion of bad pixels. The final science frames results from the 
stacking of the single pre-reduced exposures. The photomet¬ 
ric zero points for that observing run are Zp{J) = 23.04 ± 
0.02 mag/arcsec® and Zp{K) = 22.35 ± 0.02 mag/arcsec® 
for the J and K bands, respecitively. 

The calibrated J-band image of A0136-0801 is shown in 
the right panel of Fig. 

Optical data - Photometric observations for A0136-0801 
in the optical bands {B 2 and R 2 ) adopted for the present 
work were published by Godfnez-Martfnez et al. (20071. 


They were obtained in September 2001 on the 1.5 m tele¬ 
scope of the Observatorio Astronomico Nacional on Sierra 
San Pedro Martir (Baja Galifornia, Mexico), equipped with 
a SITel 1024 x 1024 GGD detector binned 2 x 2 to give 
a pixel scale of 0.51 arcsec/pixel and a field of view of 4’.3. 
Reduction of the GCD frames was performed as described 
injGodmez-Martmez et al.|(|2007|). The photometric calibra¬ 
tion was made by using standard stars from the [Landolt] 
119831 lists and, after the transformations from the natu¬ 


ral B 2 and R 2 to the standard B and R magnitudes (see 
Godfnez-Martfnez et al. 20071. We obtained the following 


photometric zero points: Zp{B) = 21.68 ±0.01 mag/arcsec® 
and Zp{R) = 20.33 ± 0.01 mag/arcsec®, for the B and R 
bands respectively. The calibrated R band image of AO 136- 
0801 is shown in the left panel of Fig.|^ 

Spectroscopic data - The spectra analyzed in this work 
were obtained with the Andalucia Faint Object Spectro¬ 
graph and Gamera (ALFOSC) at the Nordic Optical Tele¬ 
scope in La Palma, in visitor mode, during the observing run 
48-002 (on 28 and 29 October 2013). The adopted slit was 
1 . 3 ” wide and it was aligned along the major axis of polar 
structure of A0136-0801, at P.A. = 135°, in order to include 
the most luminous HII regions. The total integration time 
is 3 hours, with an average seeing of 1.15 arcsec. 

We used the grism nr. 4, which coves the wave¬ 
length range of 3738 — 6842A, it has a dispersion of 2.3 
A/pix and a spectral resolution AA ~ 10. We aim to 
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R.A. 


Figure 1. SAO-DSS image of the field around A0136-0801, including the nearby galaxy PGC 6186. 


detect the the red-shifted emission lines of [0/7]A3727, 
77.^(A4340), [0/7/]A4363, [0777JAA4959,5007, 77/3(A4861) 
and 77 q,(A 6563) in the polar structure of A0136-0801. 


The data reduction and analysis is the same adopted 


and described by Spavone et al. (2010 20111; Spavone & 


lodice (20131, to derive the chemical abundances and metal- 


licity in PRGs. The main steps includes the CCD pre¬ 
reduction. The wavelength calibration of the spectra was 
obtained by comparing spectra of Hg-|-Ne lamps acquired 
for each observing night. The sky spectrum was extracted 
at the outer edges of the slit, for r ^ 30 arcsec from the 
galaxy center, where the surface brightness is fainter than 
24 mag/arcsec^, and subtracted off each row of the two di¬ 
mensional spectra. The uncertainty on the sky subtraction 


is better than 1%. The final median-averaged 2D spectrum 
was obtained by co-adding the sky-subtracted frames. 


Each 2D spectrum is flux calibrated by using the stan¬ 
dard star HD192281 observed during the first night and 
HD19445 during the second night. The representative 1-D 
spectrum relative to the major axis of the polar structure 
in A0136-0801 is shown in Fig. It results by the sum of 
all 1-D spectra along the spatial direction having emission 
lines with S/N is 10. The integrated flux and the equiva¬ 
lent width of each emission line was obtained by integrating 
the line intensity over the local fitted continuum. The er¬ 
rors estimate on these quantities was calculated by using 
the relation published by Perez-Montero fc Diaz| | |2003 1. 

According to Spavone & lodice ( 2013[) [and reference 
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Figure 2. Top panels - The polar ring galaxy A0136-0801 in the R band (left panel, the image size is 96 X 87 arcsec) and in the J 
band (right panel, the image size is 55 X 50 arcsec). North is up and East is on the left. The low and high level of the contours (green 
lines) correspond to = 23.87 mag/arcsec^ and “ 15.52 mag/arcsec^, in the R band, and = 20.78 mag/arcsec^ and 

f’^'high ~ 16-42 mag/arcsec^, in the J band. Bottom panels - Enlargement of the high frequency residual images in the R band (left) and 
J band (right). Darker colors correspond to brighter features. The image size is 71" X 65" for the R band image and 41" X 37" for the J 
band image. 


therein], the intensity of each emission line were corrected 
for the reddening, which account both for the absorption 
intrinsic to the galaxy and to the Milky Way. Along the polar 
structure of A0136-0801, the color excess is [E{B — V)] = 
0.24 ± 0.30, and the optical extinction is A{y) — 0.76. This 
was obtained by comparing the observed and the intrinsic 
balmer decrement Ha/Hp measured by summing up all 1- 
D spectra along the spatial direction in which the observed 
Balmer decrement was greater than the intrinsic one. 


By assuming the Cardelli’s law (Cardelli et al. 19891, 
[E{B — V)] is used to derive the extinction A\. The observed 
and de-reddened mean emission line fluxes relative to Hp are 
listed in Table [21 
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Table 1. Global properties of A0136-0801. 


Parameter 

Value 

Ref. 

Morphological type 

Sc peculiar 

neeR 

R.A. (J2000) 

01h38m55.2s 

NED 


Decl. {J2000) 

Helio. radial velocity 

Redshift 

Distance 

Diameters 

M{HI){Mq) 

M{H2){Mq) 

Central galaxy: 

Absolute magnitude Mq 
Absolute magnitude Mj 
Absolute magnitude 
Polar ring: 

Absolute magnitude Mq 
Absolute magnitude Mj 
Absolute magnitude 


-07d45m56s 
5500 km/s 
0.018346 
73 Mpc 

0.41 X 0.3 arcmin 
1.6 X 10® 

1.8 X 10® 

-19.26 

- 21.66 

-22.55 

-18.49 

-19.76 

-20.31 


NED 

NED 

NED 


lodice et al. 

20021 

Richter et al. 1 1994 

Galletta et al 

TW7 


This work 
This work 
This work 

This work 
This work 
This work 


“ NASA/IPAC Extragalactic Database 


Table 2. Observed and de-reddened mean emission line fluxes relative to H0. 


line 

Ae (A) 

Aobs (A) 

Observed flux relative to 77/5 

De-reddened flux relative to 77/3 

Hp 

4861 

4950 

1 

1 

H'f 

4340 

4420 

0.4 

0.45 

[Oil] 

3727 

3795 

1.99 

2.55 

[OIII] 

4959 

5050 

1.96 

1.89 

[OIII] 

5007 

5099 

3.28 

3.19 

Ha 

6563 

6683 

3.72 

2.89 

N[II] 

6548 

6668 

0.46 

0.36 

NIII] 

6583 

6703 

1.3 

1.02 


3 HOST GALAXY AND POLAR STRUCTURE 
MORPHOLOGY 

Both NIR and optical images show that the central spheroid 
of A0136-0801 is the dominant luminous component (Fig.[^ 
see also the left panels of Fig. [^. The polar structure is 
more clearly visible in the optical bands, while it is fainter 
in the J and K bands. In the optical, it has a diameter of 
about 64” (~ 22 kpc), which is three times more extended 
than the optical radius of the central galaxy (20”~ 7 kpc). 
This component hosts several star formation regions and 
dust that affect the light distribution ( lodice et al.||20()2 K 
To examine the inner structure of the central HG, we 
have derived the high frequency residual images both in the 
optical and in the NIR bands. This is the ratio of the original 
reduced image with a smoothecQ one, where each original 
pixel value is replaced with the median value in a rectangular 
window. The window size is 7 x 7 pixels in the R band and 
11x11 pixels in the J band. The un-sharp masked images in 
these bands are shown in the bottom panels of Fig.[^ Both in 
the optical R-band as well as in the J band, this image shows 


a disk-like structure along the major axis of the HG. In the 
optical R-band high frequency residual image of A0136-0801, 
the two arms of the polar structure are also clearly visible. 
On the SE side, the polar structure is in front of the HG, 
where the dust associated to this component is obscuring 
the light coming from the central galaxy. These features are 
not detectable in the J-band high frequency residual image. 


4 SURFACE PHOTOMETRY 

In this section we describe the surface photometry and the 
two-dimensional model of the light distribution for A0136- 
0801. NIR images, in the J and K bands, where the dust 
absorption is very low, are used to study the structure of 
the central HG in A0136-0801. On the other hand, since 
the polar component is much more luminous and extended 
in the optical bands, B and R images are mainly used to 
study this component. The light and color distributions are 
derived for the whole system in both optical and NIR bands. 


4.1 Isophotal analysis 

^ We used the IRAF task FMEDIAN to smooth the original re- We used the IRAF-ELLIPSE task on the whole imaging 
duced image dataset to perform the isophotal analysis and to derive the 
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Figure 3. Representative 1-D spectrum for the major axis of the polar 
along the spatial direction in which emission lines had S/N ^ 10. 


average surface brightness profiles, Position Angle (P.A.) 
and ellipticity (e). The limits of the surface photometry pre¬ 
sented in this work are derived as the distance from the 
center where the galaxy’s light blends into the background 
level. These radii set the surface brightness limit of the op¬ 
tical and NIR photometry. Results for the B and K bands 
are shown in Fig. The average surface brightness profiles 


structure in A0136-0801 obtained by summing up all 1-D spectra 


extend out to 27.77 arcsec (~8.3 kpc) in the K band and out 
to 37 arcsec (~11 kpc) in the B band (see Fig.[^ left panel). 
The limiting magnitudes corresponding to the radii given 
above are ^.k = 21 ± 1 mag arcsec“^ for the K-band data, 
and = 27±2 mag arcsec”^ for the B-band image. The er¬ 
ror estimates on the above quantities take the uncertainties 
on the photometric calibration (~ 0.01 — 0.02 mag) and sky 
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subtraction (~ 0.3% ADU in the B band and ~ 8% ADU in 
the K band) into account. 

The nucleus (for R ^ 1 arcsec, ~ 0.3 kpc) is very bright 
in the K band, while light is probably obscured by dust in 
the optical B band image. In the K band, the HG extends 
out to 10 arcsec (~ 3 kpc). While, in the optical B-band, 
the contribution to the light by the polar structure is much 
more significant and the semi-major axis of this component 
is about 27 arcsec (~8 kpc). 

In the range 0 ^ R ^ 3 arcsec (sC 1 kpc), a significant 
twisting (~ 50°) is observed, where the P.A. increases from 
about 90° to 140°, and the ellipticity shows a peak (see 
Fig. right panel). This is more pronounced in the K 
band (e ~ 0.65) than in the B band (e ~ 0.2), where the 
perturbation by dust is stronger. For 3 7? ^ 10 arcsec 

(1 ^ R ^ 3 kpc), in the region where the HG dominates, 
the P.A. is almost constant to the value ~ 145°, and e 
increases up to 0.45 in the K image, and 0.3 in the optical 
image, and decreases afterwards to ~ 0.2. At larger radii, 
for 10 ^ < 20 arcsec (3 ^ i? < 6 kpc), in the regions of 

the polar ring, P.A. changes and it is almost constant in the 
range of values ~ 50° — 60°. The ellipticity shows a linear 
increase from 0.2 up to 0.4 

The half-light radii of the whole galaxy are Re = 
9.3 arcsec (~ 2.8 kpc) for the K-band and Re ~ 14.8 arcsec 
(~ 4.4 kpc) for the B-band. In Tablej^we give the total inte¬ 
grated magnitudes within two circular apertures centred on 
A0136-0801, derived in the K and B bands. The first aper¬ 
ture is within 14 arcsec, and it was chosen in order to make 
the comparison with the integrated magnitudes derived by 
the 2MASS data for A0136-0801. The second aperture cor¬ 
responds to the outer limit of the surface photometry in the 
B and K bands given above. 


4.2 2-Dimensional model of the light distribution 


A0136-0801 has two main components, the central spheroid 
(the HG), with a bright nucleus, and the polar structure, 
which resembles a ring (see Fig.[^. In order to measure the 
structural parameters of the main galaxy components we 
adopted the following approach. In the K-band, which is less 
perturbed by dust, we obtained the best 2-dimensional (2D) 
model of the light distribution for the central HG, which is 
the dominant component at this wavelength, having masked 
the regions where the polar ring is still detectable. For the 
optical B-band image, both the HG and the polar ring light 
has been modeled. 

The light distribution in the HG is modelled by a Sersic 
law ( Sersic|[l968 1, to reproduce the bright nucleus. 


fi{R) = Me + k{n) 




© 


- 1 


( 1 ) 


plus an exponential law, to account for the disk-like 
structure detected in the high frequency residual images of 
A0136-0801 (see Fig. [^, given by 


n{R) = Mo + 1.086 X R/vh 


( 2 ) 


where R is the galactocentric distance, Ve and Me are 
the effective radius and effective surface brightness of the 
nucleus, and k{n) = 2.17n —0.355, Mo and rn are the central 


surface brightness and scale length of the disk. In the B-band 
image, the 2D model accounts for both the light distribution 
of the HG (as described above) and polar structure. For this 
second component we used an exponential law, and derived 
the central surface brightness and scale length of 
the polar ring. 

The maximum symmetric 2D model is made by using 
the GALFIT package ( |Peng et al.|2002] ), where all the struc¬ 
tural parameters listed above, including also the total mag¬ 
nitudes, axial ratios and P.A.s are left free. A summary of 
the best-fit parameters for each component is listed in Ta¬ 
ble]^ and the results are shown in Fig. 

The morphology of the HG is well reproduced by the 2D 
model in the K band (see top-middle panel of Fig. |^. The 
best fit to the light distribution is obtained by the superposi¬ 
tion of two component: a very concentrated bulge-like struc¬ 
ture, with an effective radius of 1.12 arcsec (~ 0.34 kpc) and 
and exponential disk, with a scale length of about 3 arcscec 
(~ 0.9 kpc), see TableThe two components have similar 
flattening, but different P.A., consistent with the results of 
the isophote analysis (see Fig.|^. A twisted bulge-like com¬ 
ponent, in the central regions of the HG, is a real feature as 
suggested by the isophotal contours shown in top-right panel 
of Fig.|^ This misaligned structure is well reproduced by the 
2D model in the K band (see top-middle panel of Fig. [^. 
The residual map (see top-right panel of Fig. [^, obtained 
by subtracting the 2D model from the original image, shows 
a nuclear sub-structure having an “s-shape”, elongated to¬ 
wards the polar direction, and two regions on both sides 
along the major axis of the HG where the galaxy is brighter 
than the model. The 2D residuals also clearly points out the 
low emission by the polar ring, which has been masked in 
the fitted image. Even if the optical B-band image is much 
more affected by the dust absorption, the 2D model of the 
light distribution reproduces consistently the morphology of 
both the HG and polar ring (see bottom-middle panel of 
Fig.§. The scale radii of the two components in the HG 
(bulge-like and disk) are comparable with those derived by 
the fit of the K-band image (see Table . One interesting 
result is that the P.A. of the bulge-like nucleus is consistent 
with the P.A. found for the polar ring. The residual map 
of the B-band 2D model (see bottom-right panel of Fig. 
also shows the luminous “s-shape” structure in the center, 
as already found in the residual map of the K-band model. 
The optical residual map shows several bright bumps along 
the polar ring, which are due to the star forming regions, 
and the loci where the two arms of the polar ring cross the 
HG, one on the SE side (behind the galaxy) and the other 
one on the NW side that passes in front of the HG, where 
the dust absorption is stronger. The comparison between 
the observed and fitted light profiles, in the B and in the K 
bands, along the HG major axis and along the polar ring, 
are shown in Fig. The empirical laws for the main com¬ 
ponents observed in A0136-0801 are a good description of 
the average light distribution. 

The implications of this analysis on the structure of 
A0136-0801, in particular the nature and the origin of the 
sub-structures identified in the residual maps, will be dis¬ 
cussed in Sec. 0 
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Table 3. Magnitudes for A0136-0801 in circular apertures. 


Aperture radius 

(1) 

m,j 

±0.02 

(2) 

rriK 

±0.02 

(3) 

mj{2MASS) 

±0.02 

(4) 

mK{2MASS) 

±0.04 

(5) 

rriB 

±0.01 

(6) 

rriR 

±0.01 

(7) 

14 

13.08 

12.08 

13.05 

12.08 

15.45 

11.80 

27.55 


11.58 





36.77 





15.19 



Col, 1-. Radius of the circular aperture in arcsec. Col. 2 and Col. 3'. Integrated 
magnitudes in the J and K bands from the SOFI data. Col. 4 and Col. 5: Integrated 
magnitudes in the J and K bands from the 2MASS data. Col. 6 and Col. 7: 
Integrated magnitudes in the optical B and R bands. 



R [arcsecj 



0 5 10 15 20 


R [arcsec] 


Figure 4. Left panel - Azimuthally averaged surface brightness profiles as function of R, derived by the isophote fit. R is the isophote 
major axis. Data are for the B-band image (triangles, blue points) and K-band (circles, red points). The dashed line delimit the regions 
where the main components of the galaxy structure are located. Right panel - Average profiles of P.A. (bottom panel) and ellipticity 
(top panel) plotted against the isophote major axis R. 


5 COLOR DISTRIBUTION AND 
INTEGRATED MAGNITUDES 

We have derived the B-K color profiles along the HG ma¬ 
jor axis, at P.A. = 140°, and along the polar structure, at 
P.A. = 54°, (see Fig. left panel). The B-K color profiles 
show that nuclear regions of the galaxy, for R ^ 3 arcsec, 
have the reddest colors, being B — K = 4.5±0.03 mag in the 
center. At larger radii, B-K decreases. Along the HG major 
axis (see Fig. [^bottom left panel), on the SE side, B-K color 
profile is almost constant in the range 3.7 — 4 mag. On the 
NW side, for 3 i? ^ 6 arcsec, the red bump corresponds 
to the strong absorption by the dust in the polar structure 
that passes in front of the HG (see also Fig. [^. The polar 


structure (see Fig.j^top left panel), for i? ^ 5 arcsec is bluer 
than the HG, having 1.95(B-K^2.8 mag. 

We derived the int^rated magnitudes and J-K and B- 
K colors in three area^ as shown in Fig. (right panel): 
one including the central HG of A0136-0801 and two in¬ 
cluding the NE and the SW sides of the polar structure. 
The three regions are traced on the B-band image, where 
the polar ring is much more luminous and extended with 
respect to the NIR images. Same polygons are adopted for 

^ To do this, was used the IRAF task POLYMARK to define each 
area and the task POLYPHOT to derive the integrated magni¬ 
tude. 
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Figure 5. Top; 2D model of A0136-0801 in the K band. Left panel - K band image of A0136-0801. Middle panel - 2D model of the HG. 
Right panel - Residual of the subtraction of the model to the K band image. Bottom: 2D model of A0136-0801 in the B band. Left panel 
- B band image of A0136-0801. Middle panel - B band model of the whole system (HG and polar ring). Right panel - Residual of the 
subtraction of the model to the B band image. 


all the other images (J and K bands), after they were reg¬ 
istered and scaled to the B-band image. Total magnitudes 
were corrected for the extinction within the Milky Way, by 
using the absorption coefficient in the B band (Ab) and the 
color excess E(B-V) derived from Schlegel et al. {19981. The 
absorption coefficients for the J and K bands are derived by 
adopting Rv = Ay /E{B — V) = 3.1, and using the Ax curve 
from Cardelli et al. 119891. The values of the absorption co¬ 
efficients Ax adopted for A0136-0801 are Ab = 0.115 mag, 
Aj = 0.024 mag and Ak = 0.01 mag. Moreover, in order 
to estimate the extinction law in the polar structure, we 


adopted the procedure described by lodice et al. (20041. In 


each band, we subtracted the unobscured part of the surface 
brightness profile (i.e. the northern side) from its obscured 
counterpart (the southern side), in order to obtain the “ab¬ 
sorption profile” defined by 


Ax = —2.5log 


Rbs (A) 

Rrue{^^ 


( 3 ) 


where loba is the observed intensity in the polar structure 
and /true is the intensity relative to the starlight with no 
dust obscuration. From this analysis we estimated the ex- 
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Table 4. Structural parameters for the 2D model of the light distribution of A0136-0801 in the B and K bands. 


Component 

Model 

mtot 

O’e 


re 

rh 

n 

P.A. 

e 



mag 

mag arcsec”^ 

mag arcsec”^ 

arcsec 

arcsec 


degree 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

K band 

HG - Bulge 

Sersic 

13.60 ±0.01 

17.23 ±0.03 


1.12 ±0.01 


0.44 ± 0.01 

95.5 ±0.2 

0.33 ±0.01 

HG - Disk 

exp 

12.20 ±0.01 


16.24 ± 0.04 


2.56 ±0.04 


135.7 ± 0.2 

0.43 ±0.01 

B band 

HG - Bulge 

Sersic 

16.96 ±0.01 

20.85 ±0.02 


1.26 ±0.01 


0.50 ±0.01 

52 ± 5 

0.03 ±0.01 

HG - Disk 

exp 

16.18 ±0.01 


20.56 ±0.02 


3.00 ± 0.02 


139.6 ±0.2 

0.50 ±0.01 

PR 

exp 

15.99 ±0.01 


23.60 ±0.04 


13.3 ±0.2 


54.3 ± 0.1 

0.78 ± 0.02 


Col.l: Different components observed in A0136-0801. Col.2\ Empirical law adopted to fit the light distribution for each component. Col.3: 
Total magnitude corresponding to each component. Col.4 - Col.8: Structural parameters that characterise each empirical law (i.e. effective 
surface brightness pe, effective radius Ve and n-exponent of the Sersic law, and central surface brightness po a^nd scalelength rh for the 
exponential law). Col.9 and Col. 10: Average Position Angle and ellipticity of the isophote. 
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Figure 6. Comparison between the observed light profile along the HG major axis (circles) and polar ring (triangles) and those derived 
by the 2D model (solid red lines) in the B and K bands. 


tinction coefficients Ab = 0.24 mag, Aj = 0.2 mag and 
Ak = 0.17 mag, used to correct the measured magnitudes. 

The difference between the intrinsic absorption Ay de¬ 
rived from the Balmer line ratios and the Ab, Aj values 
derived from the photometry may be related with the dif¬ 
ferent regions of the polar structure. While the Ay is derived 
as an average quantity on both side of the major axis of the 
polar structure, Ab and Aj are computed locally in the ob¬ 


scured part of the HG where the polar ring passes in front 
of it. 

Total magnitudes and colors and are listed in Table 
The extinction corrected B-K integrated color for the HG 
derived in the area given above turns to be consistent with 
the same quantity estimated by the best fit 2D model of the 
light distribution for this component (see Sec. |4.2[ ), which is 
B-K = 3.75 ± 0.04 mag. 
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R [arcsec] 


Figure 7. Left panel - B-K color profiles along the HG major (bottom panel) and along the polar ring (top panel). The error bar (it 
0.03) is within the dimensions of data points. Right panel - Isophote contours of the B-band image of A0136-0801 with superimposed 
the three regions limiting the different areas where the integrated magnitudes have been computed. The North is up, while the east is 
on the left of the image. 


Table 5. Integrated and absolute magnitudes and colors of different regions 
of A0136-0801 corrected for the MW and internal extinction. 


Component 

Region 

TUB 

±0.01 

mj 

±0.02 

TUK 

±0.02 

Mb 

Mj 

Mk 

B-K 

±0.03 

J-K 

±0.04 

HG 

center 

15.06 

12.66 

11.77 

-19.26 

-21.66 

-22.55 

3.29 

0.89 

PR 

NE 

16.39 

15.03 

14.48 

-17.93 

-19.29 

-19.84 

1.91 

0.55 

PR 

SW 

16.81 

15.69 

15.15 

-17.51 

-18.63 

-19.17 

1.66 

0.54 


5.1 Stellar population analysis 


We aim to estimate the average (i.e. old plus the new bursts) 
stellar population ages of the HG and polar structure in 
A0136-0801, by using the integrated colors (optical vs NIR) 
measured for both components. Following the same ap¬ 
proach of lodice et al. (20021 and lodice et al.| ( 2002 [ ), we 
derived the B-K and J-K integrated colors (see Table [^. 
In the B-K versus J-K color diagram (shown in Fig. are 
added the evolutionary tracks to reproduce the integrated 
colors in the central component and in the ring-like struc¬ 
tures for a sample of PRGs , by using the stellar popu lation 
synthesis model GISSElj^ ( jBruzual fc Chariot 20031. The 
key input parameters adopted for GISSEL are the Initial 
Mass Eunction (IME), the Star Formation Rate (SFR) and 


detailed description of them is given by 


For the central HG was adopted a star formation history 
with an exponentially decreasing rat^ that produces a rea¬ 
sonable fit of the photometric properties of early-type galax¬ 
ies in the local Universe. For the polar structure, which has 
usually bluer colors than the host galaxy and presents HII 
regions, a constant SFR, typically used for local spiral galax¬ 
ies, is used. The evolutionary tracks for each model were 
derived for different metallicities {Zi = 5 Zq, Z 2 = 2.5Zq, 
Z 3 = Zq, Z 4 = OAZq and Zs = O.O2.Z0), which were as¬ 
sumed constant with age. 

The analysis of the B-K versus J-K color diagram (see 
Fig. left panel) suggests that the stellar population in the 


the metallicity. A 


lodice et al. (2002 


^ Galaxies Isochrone Synthesis Spectral Evolution Library 


^ It has the following analytical expression: SFR{t) = 
l/r exp{—t/r), where the r parameter quantifies the “time scale” 
when the star formation was most efficient. 
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HG in A0136-0801 could be dated from 3 to 5 Gyrs, and 
has a metallicity in the range Zq ^ Z ^ 2.5Zq. The polar 
ring has a younger age (from 1 to 3 Gyr) and a sub-solar 
metallicity, in the range 0.02^0 ^ Z ^ 0.4Zq, with respect 
to the HG. These values are comparable with those observed 
for the HGs and the PRs in the sample of PRGs in |Iodice| 
et al. ( 2002[ ) and |Iodice et al. (20021. 


From the above models, we can derive the stellar mass- 
to-light ratio (M/L) in the B band, for both HG and polar 
ring in A0136-0801, in order to estimate the total bary- 
onic mass (stars plus gas) for each component. For the 
central HG, the models predict an M/L ~ 2.98 Mq/Lq. 
From the total magnitude in the B band for the HG 
Mb = —19.26 mag (see Table [^, the total stellar mass 
is M/^^ ~ 2.3 X 10'^° Mq. Given the absence of gas in 
this component, the baryonic mass coincides with the stel¬ 
lar mass. For the polar ring, the models predict an M/L ~ 
2.18 Mq/Lq. This component contains a large amount of 
gas {Mhi = 1.6 X 10® Mq and Mh 2 = 1.8 x 10® Mq, see 
Table [^, thus, taking into account the total magnitude in 
the B band, Mb = —18.49 mag (see Table [^, the stellar 
mass is M^^ ~ 8.4 x 10® Mq and the total baryonic mass. 


stars plus gas, is M^ 


1.18 X 10^® M©. The importance 


of these estimates on the formation history for A0136-0801 
is discussed in Sec. 0 


OXYGEN ABUNDANCES AND SFR IN THE 
POLAR STRUCTURE OF A0136-0801 


We have derived the Oxygen abundance parameter R 23 = 
{lOII]X3727+[OIII]XM959+5007)/ H/3 ||Pagel et al. |1979p. 


by following the procedure outlined by|Spavone et ah 


(2010 


MI|) and|Spavone fc Iodice|(|2013|. According to|Spavone fc 


lodice (2013 and references therein), we used the Empirical 
method introduced by Pilyugin] ( |2001| . This allow us to esti¬ 
mate the oxygen abundance 12 + log{ 0 /H) and the metallic¬ 
ity of the HII regions of the polar structure in A0136-0801. 
We found for this galaxy 12 -|- log(0/H) = 8.33 ± 0.43. 

Assuming the oxygen abundance and metallicity of the 
Sun, 12 -b log{0/H)Q = 8 .83 ± 0.20 = Aq and Zq = 0.02 
| |Grevesse &: Sauval| 1998| ), given that Z ~ KZq, where 
A"aoi 36 = ^ .^e obtain a metallicity for the HII 

regions in the polar structure of .Z ~ 0.32.^0. This value 
turns to be consistent with the range of metallicities derived 
for the stellar population (O.O 2 X 0 ^ O. 4 Z 0 ), given in 

Sec. (see also Fig. |^. 

In Fig. we compare the mean value of the oxygen 
abundance along the polar structure of A0136-0801, with 
those measured for diff erent late-type galaxies by |Kobul-| 
nicky & Zaritsky ( 1999[ p] (spirals, Irregulars and HII galax¬ 
ies) and several PRGs, as a function of the total luminos¬ 
ity. The metallicity of the polar structure in A0136-0801 is 
comparable with that observed for both wide and narrow 
PRGs, which show a sub-solar values with respect to the 
mean metallicity of spiral galaxies with similar total lumi¬ 
nosity. On average, taking into account the mean error on 


® The absolute blue magnitude for the objects in the sample of 
Figure 4 in |Kobulnicky &: Zaritsk^ ( |1999l l are converted by using 
Hq = 75 km/s/Mpc. 


the oxygen abundances, PRGs are found in the region of low 
luminosity spirals or/and bright irregulars. 

From the Ha luminosity derived from emission lines 
with S/N > 10, using the expression given by |Kennicutt] 
119981, we estimate the Star Formation Rate (SFR) for the 
polar structure of A0136-0801, this is SFR = 7.9 x 10“^® x 
L{Ha). From the average value of L{Ha) ~ 1.11 x 10^® erg/s 
we have obtained an average SFR ~ 9 x Mq/pc. This 
value of SFR has to be considered as a lower limit, since the 
long slit data give only lower limits to the Ha luminosity, 
given that the slit usually covers only small area of the polar 
structure. A global estimate of the SFR in this component 
can be inferred from the Kron UV flux for A0136-801 from 
NED. W e derive L{UV) = 3 .8 x 10®® erg/s, with E(B-V) 
= 0.026 ([Seiber t et al. | [2012 l, and from the Kennicutt law 
| Kennicutt|1998 1, we obtain SFR = 1.4x 10“®® x L{UV) ~ 
0.05MQ/yr, which is a more reliable estimate for the SFR 
in the polar structure of A0136-0801. 


As done in similar studies for other PRGs (Spavone 


et al. 2010 2011 Spavone & lodice 20131, we checked 


whether the present SFR, and even 2 and 3 times higher 
can give the inferred metallicity of Z = O.32Z0. To this 
aim, we adopted the linearly declining SFR, SFR(t) 


2M^,T~^exp[l — {t/T)], where t is the lookback time (Bruzual 
|fc Gharlot|2003|). By usin g the mass-metallicity relation de- 
rived by [Tremonti et ah (20041, we found that for A0136- 
0801 the expected metallicity is in the range 0.1 Z 0 ^ Z ^ 
0.66Zq. The implications of this result will be discussed in 
detail in Sec. 0 


7 DISCUSSION AND CONCLUSIONS 

We have carried out a detailed photometric study of the 
polar ring galaxy A0136-0801, based on new NIR, in the 
J and K bands, and optical, B and R bands, observations. 
Moreover, by using new long slit spectra, we have studied the 
chemical abundances in the polar structure of this galaxy. 
In this section we summarise the main results and discuss 
their implications on the formation history of A0136-0801. 


7.1 Summary of the main results 

The morphological analysis performed in this work shows 
that A0136-0801 has two main components, the central 
spheroid (the HG), with a bright nucleus, and a wide po¬ 
lar structure (see Fig. [^. 

(i) The HG dominates the light in the NIR images and 
its structure can be well traced at all radii since the dust 
absorption due to the polar ring is negligible (see Fig. 
right panel). In the optical images, the polar ring is much 
more luminous and it is at least two times more extended 
than the HG (see Fig. left panel). 

(ii) The 2D models of the light distribution performed in 
both B and K bands have shown that the HG is charac¬ 
terised by a very concentrated bulge-like structure, with an 
effective radius of 1.12 arcsec (~ 0.34 kpc) and and exponen¬ 
tial disk, with a scale length of about 3 arcscec (~ 0.9 kpc), 
see Table 1^ The best fit to the light distribution of the polar 
structure has been obtained in the B band, with an expo¬ 
nential law, having a scale length of 13.3 arcsec (~ 4 kpc), 
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Figure 8. B-K vs J-K color diagram for the HG (left panel) and polar ring (right panel) in A0136-0801. The red star corresponds to 
the average value, between NE and SW regions, for the polar structure in A0136-0801. In both panels are drawn the evolutionary tracks 
derived by the stellar synthesis models optimized for the HG and PR in PRGs (see text for details). Left panel - For the HG, the heavy 
dotted lines corresponds to the SFR with a characteristic time scale r = 1 Gyr, and the heavy dashed line to the SFR with t = 7 Gyrs. 
They are derived for different metallicities reported on the figure. The loci of constant age for the different tracks are indicated by the 
light dotted and light dashed lines. Right panel - For the polar structure, the heavy lines correspond to the models with a constant SFR 
computed for different metallicities. The loci of constant age for the different tracks are indicated by the light lines. 


which is four times larger than the scale length of the disk 
in the HG. The residual map, both in the dust-free K-band 
and in the B-band images, have revealed the existence of a 
nuclear sub-structure having an “s-shape” (see right panels 
of Fig. 1^, elongated towards the polar direction. 

(iii) From the B-K color distribution, we found that the 
HG has redder colors with respect to the polar structure 
(see Fig. [^. In particular, the B-K color profiles show that 
nuclear regions of the galaxy, for i? ^ 3 arcsec, have the 
reddest colors, being B — K — 4.5 ± 0.03 mag in the center. 
On average, the HG has a B — K ~ 3.7 — 4 mag. The polar 
structure (see Fig. left panel), for i? ^ 5 arcsec is bluer 
than the HG, having B-K^ 3 mag. 

(iv) By using optical versus NIR colors (B-K vs J-K) and 
the stellar population synthesis models we estimated the age 
and metallicity of the stellar population in both components 
of A0136-0801. The constraints on the age and metallicity 
of the stellar population in the HG is within the range 3 — 
5 Gyrs, and Zq ^ Z ^ 2.5Z0. The polar ring has a younger 
age (from 1 to 3 Gyr) and a sub-solar metallicity in the range 
O.O 2 Z 0 ^ Z ^ O. 4 Z 0 (see Fig. 1^. From the above models 
we estimate the total baryonic mass, for both HG and polar 
ring in A0136-0801 (see Sec.[^, values are listed in Table|^ 

(v) We derived the oxygen abundance and the metallicity 


of the HII regions of the polar structure in A0136-0801. We 
found 12 + log(0/H) = 8.33 ± 0.43 and Z ~ O.32Z0 (see 
Sec. [^. This value turns to be consistent with the range 
of metallicities derived for the stellar population (O.O 2 Z 0 ^ 
Z O. 4 Z 0 ). 


T.2 Comparison of A0136-0801 with other PRGs 


We discuss the observed properties of A0136-0801 with 
known PRG systems. The morphology of A0136-0801 is very 
similar to those of other PRGs with a wide polar struc¬ 
ture, like NGC 4650A, UGG 7576 and UGG 9796. A de¬ 
tailed photometric analysis have shown that in UGG 7576 
and UGG 9796 ([Reshetnikov &; Sotnikova||1997| [Godine^ 
Martinez et al. 20071 this component is a ring, while in 


NGC 4650A it is a disk (lodice et al. 20021. As discussed 


above, the residual map obtained for A0136-0801 by the 
2D model of the light distribution, shows a nuclear “s- 
shaped” structure, elongated towards the polar direction, 
which could be a sign of the polar structure reaching the HG 
center, as that observed in NGC 4650A (lodice et al.||20d2 


Gallagher et al. 20021. Contrary to what the photometric 


analysis suggests, the integrated colors and metallicity of 
the stellar populations in the polar structure of A0136-0801 
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Figure 9. Oxygen abundance vs absolute blue magnitude for A0136-0801 (from this work) and for other PRGs: VGS31b (|Spavone 
|Iodice|2013], NGC4650A ([Spavone et al.|2010| l, IIZw 71 ([Perez-Montero et al.|2009l l, NGG2 685 ([Eskridge k. Pogge||1997^ , AM2020-504 
< |Freitas-Lemes et al. |2012[ |, UGG7576 and UGC9796 l |Spavone et al.|2011| |, SPRGlO-14-39 | |MoiLev et al.|2014|l. Blue circles represent 
wide PRGs, while red triangles are for narrow PRGs. The sample of late-type disk galaxies are by |Kobulnicky &: Zaritsky| ( |l999^ : Spirals 
are in the region marked with continuous lines, Irregulars are between dashed lines and HII galaxies are between dotted lines. The 
horizontal dashed line indicates the solar oxygen abundance. 


are quite different from those observed for the same com¬ 


ponent in NGC 4650A (lodice et al. 2002 Spavone et al. 
|2010[ ), being older and with higher metallicity. In Table [6 
are also included the key physical parameters available for 
the wide PRGs mentioned above and for the narrow PRG 
AM2020-504. 


All PRGs are characterised by a large amount of HI gas. 
The HI mass measured in A0136-0801 is of the same order 
of magnitude of those found for other PRGs (~ 10® Mq), 
except NGG 4650A that is the PRGs with the highest HI 
mass (~ 10^® Mq). As found in A0136-0801 (see Sec. [^, 
the large baryonic mass in the HG with respect to that in 
the PR is an observed feature common to all PRGs, except 


for NGG 4650A, where the polar disk is twice as massive 
as the central spheroid. The HG in all wide PRGs, includ¬ 
ing A0136-0801, is supported by rotation, with v/a > 1, 
while the HG in the narrow PRG AM2020-504 is dominated 
by random motions. Overall, the metallicity of the polar 
structure in A0136-0801 is comparable with that observed 
for most of the wide and narrow PRGs, which show lower, 
i.e. sub-solar, values with respect to the metallicity in spiral 
galaxies of similar total luminosity (see Fig.[^. In particular, 
the metallicity in the polar structure of A0136-0801 is com¬ 
parable with that measured for the wide PRG UGC 7576, 
while it is two times larger with respect to those estimated 
for UGC 9796. The narrow PRG AM2020-504 is among the 
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PRG with the highest value of Z, which is close to the so¬ 


lar metallicity. As already pointed out by lodice (20141, the 


differences in these key parameters are probably related to 
different formation processes. 


T.3 Implications on the formation history of 
A0136-0801 

In order to address the most reliable formation scenario for 
A0136-0801, below we compare and discuss how the ob¬ 
served properties for this galaxy, outlined in the present 
work, could compare with the predictions of different forma¬ 
tion mechanisms for PRGs. In particular, we focus on the 
structure, i.e. the presence of a wide ring aronnd a spheroidal 
object, on colors and ages for both HG and PR, on the ob¬ 
served kinematics and the gas content and metallicity in the 
polar structure. 

As reviewed into Sec. a PRG could form by the i) 
the disruption of a dwarf companion galaxy or of a gas-rich 
satellite, in the potential of an early-type system, or by the 
tidal accretion of gas stripped from the ontskirts of a disk 
galaxy, ii) a dissipative merging of two disk galaxies, or iii) 
the accretion of cold gas from cosmic web filaments. 

The key physical parameters that can discriminate be¬ 
tween the different formation scenarios are i) the total bary- 
onic mass (stars plus gas) observed in the polar structure 
with respect to the central spheroid, ii) the kinematics along 
both the equatorial and meridian planes, iii) the metallic¬ 
ity and SFR in the polar structure. For A0136-0801, all the 
above parameters are now available, obtained by the analy¬ 
sis performed in this work (i.e. the total baryonic mass and 
metallicity) and from literature (gas content and kinemat¬ 
ics), they are listed in Table The baryonic mass in the 
polar structure of A0136-0801 is less than that in the HG, 
being the ratio ~ 1.95. The central HG is sup¬ 

ported by rotation, with vja ^ 2.2. The polar structure has 
a sub-solar metallicity {Z ~ O. 32 Z 0 ). 

The tidal accretion scenario, in which the polar struc¬ 
ture forms through the gas stripped from a gas-rich donor 
galaxy, in a high-inclined orbital configuration ( |Bournaud| 
& Combes 20031, is able to produce a wide polar ring as 


observed in A0136-0801. During this kind of interaction, 
the central HG does not change its original morphology and 
kinematics. So, as observed in A0136-0801, the remnant is 
an SO-like system, supported by rotation, with a polar struc¬ 
ture. In this framework, in the field around the newly formed 
PRG the gas-rich donor galaxy should be still present. In the 
case of A0136-0801, inside a radius of about five times its 
diameter, as suggested by [Brocca et ah] ( |1997[ ), there is a 
late-type galaxy PGC 6186 at a comparable redshift (see 
Fig. 0. This object is very poorly studied and only the ap¬ 
parent magnitude in the B band is given, which is 15.20 
mag (see NED). There is no information on the gas content. 
Anyway, since this object has a comparable luminosity to 
that observed for A0136-0801, and it is classified as spiral, 
we expect that it has at the least the same, or even larger, 
baryonic mass of A0136-0801 (see Table [^. Thus, taking 
also into account that the value of Z ~ O.32Z0 derived for 
A0136-0801, is consistent with the metallicity of the very 
outer regions of bright spiral galaxies, which is in the range 
O. 2 Z 0 ^ Z ^ I.IZ 0 ( [Bresolin et al.|2009p , PGC 6186 could 
be considered a possibile donor galaxy. 


The gradual disruption of a dwarf satellite galaxy can 
be excluded as possible formation process for A0136-0801, 
because the baryonic mass estimated in the polar structure 
(1.18 X 1O^°M0, see Table § is at least 3 order of magni¬ 
tude larger than the typ ical mass observed in dwarf galaxies 
(1O^M0 ^ M ^ 1O^M0 Sawala et al.|2011 l. On the hand, if 
in the past A 0136-0801 had a ga s-rich satellite, with a mass 
of ~ 10®M 0 ( Kunkel et al. Hip'l l, like the Large Magellanic 
Cloud, it could be disrupted by the potential of the massive 
HG to form the polar structure. 

In the merging scenario, the morphology and kinematics 
of the merger remnants depend on the initial orbital param¬ 
eters and the initial mass ratio of the two merging galax¬ 
ies ( Bournaud et al. [2005 1. For A0136-0801, this scenario is 
ruled out because, according to simulations (e.g. Bournaud 
et al.|2005l, a high mass ratio of the two merging galaxies is 


required to form a massive and extended polar ring as ob¬ 
served in A0136-0801. This would convert the intruder into 
an elliptical-like, not rotationally supported, stellar system. 
This prediction is in contrasts with the observed kinematics 
for the HG in A0136-0801. 

Finally, we discuss whether the cold accretion scenario 
can reliable account for the observed properties of A0136- 
0801. This scenario predicts the formation of wide disk-like 
structures, characterised by a low, sub-solar metallicity. The 
open issue of this scenario concerns the nature of the polar 
structure: the simulations predict the formation of a polar 


disk, rather than annulus, around a pnffed up disk | Maccio 
|et al.|[^06| [Brook et al.||2008| ). The residual map, obtained 
for A0136-0801 by the the 2D model of the light distribu¬ 
tion, have revealed the existence of a nuclear sub-structure 
having an “s-shape” (see right panels of Fig. [^, elongated 
towards the polar direction. If this feature is linked to the 
polar structure that reaches the galaxy center, this could 
be an hint for a polar disk in A0136-0801, but a defini¬ 
tive conclusion on the nature of the polar component in 
A0136-0801 cannot be reached on the basis of the photome¬ 
try done. The kinematics mapping the inner region^ is also 
necessary to unveil the structure of this galaxy. Thus, the 
available data for A0136-0801 cannot allow us to discrim¬ 
inate between a ring or a disk. Anyway, even if the polar 
structure in this galaxy was a disk, it is characterised by an 
higher metallicity {Z ~ O. 32 Z 0 ) than that predicted by the 
cold accretion scenario, which is Z Si O. 2 Z 0 ([Snaith et al. 


20121. Moreover, the metallicity estimated by using element 


abundances falls in the range of those expected by the SFR, 
which is O.IZ 0 sC Z ^ O. 66 Z 0 (Sec. |^. Given that these 
values could further increase the metallicity of ~ 0.01 af¬ 
ter 1 Gyr, we can rule out the cold accretion scenario for 
A0136-0801. 

To conclude, even if the whole morphology of the polar 
ring galaxy A0136-0801 is very similar to that observed for 
NGC 4650A, both are classified as “wide PRGs”, the two 
system have a different formation history: the polar disk in 
NGC 4650A is reasonably formed by the cold accretion of 
gas along cosmic web filaments ( Spavone et al.| 2010 |, while 
for the PRG A0136-0801 the tidal accretion of material (gas 


® The kinematics published by [Schweizer et al.] ( |1983[ | is relative 
only to the outer arms of the polar structure and along the major 
axis of the HG. 
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and stars) from the outskirts of a donor galaxy, as well as the 
tidal disruption of a gas-rich satellite, are the most viable 
formation processes. 
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Table 6. Discriminating parameters between different formation scenarios 
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Feq/Fp 

(5) 

o-Q 

km/s 

(6) 

M^Gjj^PR 

(7) 

Mhi 
10® Mq 
(8) 

Z 

{Zq) 

(9) 

Ref. 

(10) 

AO136-0801 

23 

11.8 

145 

0.9 

67 

1.95 

1.6 

0.32 

a, b 

UGC7576 

7.86 

2.88 

212 

0.96 

116 

2.73 

2.7 

0.4 

c 

UGC9796 

10.0 

3.05 

157 

1.08 

73 

3.28 

2.6 

0.1 

c 

NGC4650A 

5 

12 

90 

0.75 

70 

0.42 

8.0 

0.2 

d, e 

AM2020-504 

1.16 

1.04 

120 

0.48 

260 

1.1 

2.7 

0.5-1 

f, 9 


Col.l: PRG Col. 2: Total baryonic mass in the central galaxy of the PRG. Col. S'. Total baryonic mass in 
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Central velocity dispersion of stars in the HG. Col. 7: Ratio between the baryonic mass of the HG and polar 
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